A forced-choice auditory signal-detection method was used to test the hypothesis that, compared to acute paranoid schizophrenics, chronic nonparanoid schizophrenics would show a restricted range of sensitivity to environmental cues. Ability to detect the presence of an auditory cue, while concurrently tracking a ! visual stimulus, was measured under two conditions, auditory monitoring being given primary or secondary importance. In this task, a narrowed range of sensitivity implies a greater deficit in ability to detect the auditory cue when the primary focus is placed elsewhere. As expected, this deficit was significantly greater in the chronics in both initial and replication experiments. Discussion centered on the function of restricted sensitivity in limiting the range of both relevant and distracting stimuli that are responded to by chronic nonparanoid schizophrenics.
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This paper is concerned with one aspect of schizophrenics' "break with reality," a narrowed range of sensory sensitivity in chronic nonparanoid schizophrenics. A fair amount of experimental and theoretical literature, for example, that reviewed in Broen (1968) and Venables (1964) points to acute and paranoid schizophrenics as responsive to a broad range of stimulation, with chronic nonparanoids showing narrowed responsimty. The purpose here is to test the hypothesis that this difference involves a difference in range of stimulus sensitivity. If the results are to be attributed to actual differences in sensitivity, the methodology requires control of differences in response bias, that is, the subjective criterion for signal strength that must be met before S is willing to report the presence of a stimulus. In the present research, a forced-choice auditory signaldetection procedure was used to separate sensitivity from response bias (Swets, 1964) .
The suggestion that chronic nonparanoid schizophrenics may show a narrower range of sensory sensitivity than acute paranoid schizo-phrenics follows from a theoretical account of schizophrenia (Broen, 1966 (Broen, , 1968 Broen & Storms, 1967) which emphasizes that an important aspect of acute schizophrenia is overstimulation, a decreased ability to ignore irrelevant input. The theory also proposes that especially in nonparanoid schizophrenics, there is a defensive reaction to this aversive state. One way the chronic nonparanoid reduces stimulus input is through slowed and less extensive monitoring of the environment. For example, within a given period of time, the chronic schizophrenic would tend to restrict his active monitoring of stimulation more exclusively to only one sensory modality. If this kind of attentional set can to some degree actually attenuate input, then distraction by irrelevant stimuli should be largely confined to the sensory modality which is being actively monitored. The cost to the schizophrenic will be a partial loss of ability to detect relevant cues presented in other sensory modalities.
This combination of results has been found by Feeney (1971) . Her experiment had two phases. In one phase, any of several different tones and/or lights could be the relevant stimulus in a reaction-time task. In the second phase, 5s were to respond only to a specific tone or light, ignoring others. Acute schizophrenics showed a broad range of stimulus monitoring. They did not show an abnormal deficit when the relevant stimuli were placed in two sensory modalities instead of one, and they were also abnormally distracted by irrelevant cross-modality stimuli. In contrast, chronic nonparanoid schizophrenics tended more to restrict monitoring to one modality at a time, They showed a special deficit when the relevant stimuli were spread across two modalities and were abnormally distracted only ; by irrelevant stimuli within the modality where monitoring was focused. Thus, chronic schizophrenics may show narrowed attention, abnormal distractibility, or both. The pattern of results seems to depend on such factors as whether or not relevant and irrelevant stimuli are presented in more than one sensory modality (Broen, 1966) .
One theoretical point may require clarification and should be especially emphasized. Some schizophrenics who show a deficit in ability to ignore irrelevant input are nevertheless said to be able to ignore or attenuate some gross categories of stimulation, for example, stimulation in a particular sensory modality (Broen, 1968) . To account for this, an attentional model with at least two stages seems necessary. The chronic nonparanoid schizophrenic must be able to attenuate the input through certain channels, at an early stage of the attentional process, even though he is deficient in ability to ignore irrelevant aspects of the stimulation that have reached a secondary or more central level.
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The present proposal is that narrowed attention in chronic nonparanoid schizophrenics involves such a reduction in sensory sensitivity. From this reasoning, it was hypothesized that in comparison to a group of acute paranoid schizophrenics, these schizophrenics would show a greater reduction in sensitivity to a tone when a task of reporting the occurrence of a tone was given importance secondary to a task involving tracking a visual stimulus. In 3 This suggestion overlaps some aspects of Treisman's (1969) theoretical discussion and review of the literature on processes involved in selective attention in normals. She discusses "input selection" as a stage which precedes and is easier and more efficient than later discriminative analyses performed on the selected input. In addition, input selection or "filtering" has been seen as involving an attenuation of the signal-tonoise ratio of the unselected input (Treisman & Geffen, 1967) . However, unlike the present discussion, this selective attenuation was not applied to sensitivity to simple physical signals, and in other models the idea that selective attention involves changes in sensory sensitivity, rather than subjective bias, has been questioned (Norman, 1968) . the present experiment and its replication, 5s reported whether a tone occurred in the first or second of two intervals. The tones were presented while 5s were also engaged in tracking a visual stimulus, a pursuit-rotor task. The accuracy of the report of auditory signals was tested under two conditions. In one, 5s were told that reporting the tones was more important than pursuit-rotor performance, and in the other, tone report was the less important part of the task. The rationale was that with a broad range of sensitivity, one that easily encompasses concurrent cues in different sensory categories, there would be little difference in the accuracy of reporting auditory signals whether the auditory task was primary or secondary. On the other hand, a narrowed range of sensitivity would imply a significant reduction in sensitivity to auditory cues when primary importance was not placed on the auditory task.
METHOD Subjects A total of 20 chronic nonparanoid schizophrenics (chronic group) and 20 recently hospitalized paranoid schizophrenics ("acute" group) served as 5s. For the acutes, mean length of current hospitalization was 1.67 mo. (ranging from 1 wk. to 7 mo.), and for the chronics, 9.88 yr. (ranging 3.67-25.67 yr.). All 5s were males in the Sepulveda Veterans Administration hospital, selected on the basis of records and consultation with ward personnel to have no noticeable auditory, visual, or language handicaps, and no history of brain damage, alcoholism, or drug abuse. Most of the 5s were receiving phenothiazine medication. The 4 acutes and 5 chronics not on phenothiazines did not differ significantly from the others in their groups with respect to the main dependent variable. For the 16 acutes and IS chronics on phenothiazines, dosage levels were transformed to a common base by giving each of the different phenothiazines a weight inversely proportional to the midpoint in the range of that drug's hospital dosages as listed in the Veterans Administration (1970) publication, Drug Treatment in Psychiatry. The groups did not differ significantly in mean dosage levels. The groups also did not differ significantly in mean education, which was 12.70 yr. for the acutes (range 10-16 yr.) and 11.82 (range 8-16 yr). for the chronics. There was a significant age difference, with the acutes averaging 32 yr. (ranging 20-49 yr.) as compared to the chronics' 39.5 yr. (ranging 25-55 yr.). However, an analysis, which will be described later, showed that age was not significantly related to the major findings.
Apparatus
During the experimental trials, 5s wore Sharpe stereo headphones and sat facing a table on which was placed a Lafayette pursuit rotor set at 40 rpm. A screen blocked 5s' view of the remainder of the apparatus. This apparatus included a Grayson Stadler white-noise generator which, through the earphones, delivered a noise with an overall SPL of 76 db. (measured through a B & K artificial ear). Also, a Hewlett-Packard audiooscillator generated a 300-Hz. tone, which was delivered to the earphones through a Hewlett-Packard attenuator used to adjust the decibel level. Pursuit-rotor time on target was measured by a Lafayette timer clock, and a Hunter timer was used to guide E's manual operation of pushbuttons which controlled the delivery of the noise and the tone.
Procedure
The procedures were the same for the initial and replication experiments, except that a male E worked with 9 acutes and 9 chronics in the first study and a female worked with 11 acutes and 11 chronics in the replication. The difference in E's sex was incidental to the experiment and was not expected to influence the pattern of results.
In the basic auditory signal-detection task, two intervals of 1-sec. white noise were presented within each 6-sec. trial, the intervals beginning at the second and fourth second of each trial. On each trial, a tone occurred within one of the two intervals, the order determined randomly except for the constraint that the overall frequency was equal for the two intervals. The S responded at the end of each trial, saying "first" or "second" to indicate the interval in which the tone occurred. The start and end of each trial was made obvious to S by the starting and stopping of the pursuit rotor, which he tracked concurrently.
In order to increase the likelihood that the procedure would reflect changes in auditory sensitivity, the decibel level of the tone was set just slightly above threshold, being individually adjusted for each 5 to achieve performance on practice trials within the range of .7-.8 correct report (midway between the limits of chance and perfect accuracy). The tone was kept at this decibel level while 5 was tested on 60 experimental trials on each of 2 successive days. On one day, auditory report was emphasized, and on the other, tracking the rotor was emphasized. The order of conditions was counterbalanced within each group of 5s.
Practice trials. On the first day each 5 was told, "In front of you is a square with a light going around it. Here is a pointer. Your job is to keep the pointer on the spot of light as it moves around the square." After E demonstrated, S was given a 20-sec. practice trial. Then 5 was given the earphones to put on, and his tone threshold was measured under the following instructions: "Sometimes you will hear a fuzzy noise. Sometimes you will hear a tone during the noise. Every time you hear one of these tones say 'yes.' " Five ascending trials (decibel level of tone increased gradually) and five descending trials were given in alternating order. In each trial the tone was changed in 1-db. steps, and the decibel level where S either began (ascending trials) or stopped (descending trials) reporting the tone was recorded. The mean recorded decibel value for the last six of these trials will be referred to as 5's "threshold." Following this, 5 was given -10 trials on concurrent tone report and tracking, with the tone set 35 db. above his threshold. The instructions were, Next we will have a series of short trials. On each you will follow the light and listen for the tones. There will be two bursts of noise during each trial. There will always be a tone in either the first or the second of these two bursts of noise. When the trial is overwhen the light goes out-say "first" if the tone was in the first burst, and "second" if the tone was in the second burst of noise.
After this, the tone was returned to threshold level and 5 was given six, 10-trial series under the following instructions. Now we will continue doing the same thing, only the tone will be much softer. The tone will be in the first or second burst of noise an equal number of times. You have to say "first" or "second" after each trial even if it's a wild guess.
After each of the first four groups of trials, the tone's decibel level was adjusted if the goal of .7 or .8 hits had not been met. The other hit rates led to the following adjustments: 1.0, -S; .9, -2; .6, +1; .5, +2; .4, +3; .3, +4; .2, +5; .1, +8; .0, +10. These adjustments to achieve comparable performance in practice trials resulted in somewhat higher decibel levels for the chronics than for the acutes-a mean difference of 3.45 db. However, as will be shown later, this difference was not related to the major findings. The decibel level arrived at after the fourth group of trials was used in the final two groups of practice trials, in a series of 15 warm-up trials given at the beginning of the second day and in all of the experimental trials.
Experimental trials. When the 60 experimental trials on the first day emphasized the tones, S was told, Now things are different. The most important thing now is to listen carefully for the tone. You must still try to keep the pointer on the light, but listening carefully and saying "first" or "second" after each trial is the most important thing.
The S was also told that in scoring how well he did, "Being correct in saying 'first' or 'second' is three times more important than following the light." He was then reminded of the greater importance of listening carefully, and this reminder was repeated before Trials 10, 30, and 50.
When tracking was to be emphasized, the instructions were the same, except for emphasis on keeping the pointer on the light instead of emphasis on listening for the tone. On the second day 5 was told, "Things are different today," and his instructions had the alternate emphasis from that given on the first day. At the end of each session, 5s were told that they had done well.
RESULTS
In accord with the hypothesis, the chronics showed a larger deficit in ability to report the presence of the tone from the condition in which the listening task was of primary importance to the condition in which it was given --secondary importance. In the first experiment their mean change in percentage of accuracy was -16.5, in contrast to the acutes' -2.4L The difference between the groups was significant (Mann-Whitney U = 14, p = .02, twotailed). In the replication experiment, the respective deficits were quite similar, -16.81 and -1.97, with the difference again significant (U = 1,p< .002). Because the auditory task used forced choice, the results could be translated into d', a signaldetection measure of sensory sensitivity uncontaminated by response bias factors (see Swets, 1964, Table II , Appendix 1). In the first experiment, the chronic patients showed a mean deficit in d' of -.75 from the auditoryprominent to the auditory-secondary condition, in contrast to the acutes' -.13. In the replication experiment, the respective deficits were -.70 and -.12. Both differences between groups were significant (U = 15, p < .05, and U = 8.5, p < .002).
Because the experiments used the same procedures and the results were so similar, the remainder of the presentation of results focuses on the combined groups. Part of the reason for combining the comparable groups in the two
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experiments is that the greater number of 5s allowed for more powerful analyses of the control procedures, which should be negligible for most meaningful interpretation of the main results.
The first such analysis concerned the accuracy of tone report for the condition where auditory report was emphasized. Because the emphasis here is on the sensory modality that is being tested, a narrowed range of sensory sensitivity should not have reduced accuracy below the comparable levels achieved across 5s in the practice trials. Here the chronics had a mean accuracy of 77.24%, with the acutes averaging 75.41. The mean difference between the groups did not approach significance (U = 191) . From this comparable base, the total chronic group's deficits of -16.67 in percentage of accuracy, and -.72 in d' were significantly greater than the acutes' -2.17 change in percentage of accuracy and -.12 in d' (U = 48, p < .002, and U = 52, p < .002). The results for accuracy in reporting the tone are illustrated in Figure 1 .
Comparison of pursuit-rotor performance was also considered to be a control analysis. This task was included in order to be able to direct primary focus away from the auditory task, and an important difference from the auditory task was that the stimulus to be tracked-the rotating band of light-had an intensity far above threshold. In contrast to the near-threshold tone, this task involved tracking a very clear stimulus, and sensitivity could presumably be considerably attenuated without causing a performance deficit. The benefit in using this kind of task was that when amount of practice was counterbalanced, as it was here, the difference in performance between the two experimental conditions could then be used as a measure of change in task effort or importance to the 5. In other words, it could be used as a measure of effectiveness of the instructions in changing this task from secondary to primary importance. This change yielded a mean increase in time on target of 20.03 sec. for the chronics and 23.03 sec. for the acutes. This difference between groups did not approach significance (U = 193). Also, the groups did not differ significantly in pursuitrotor performance in either of the experimental conditions (U = 171 in both cases). Because the groups differed in average age, an additional control analysis was done to separate the effects of age from acute-chronic status. To do this, the 10 younger 5s from each group were combined, and their change in percentage of accuracy of tone report over the two experimental conditions was compared with that of the combined older halves of each group. The mean change was -8.50 for the younger 5s and -10.34 for the older Ss. Again, the difference between groups did not approach significance (U = 184.5). The final control analysis used the same kind of procedure. Dividing the groups according to the individually adjusted level of the tone showed no significant relationship between decibel level per se and change in performance over the two experimental conditions ( -10.16 and -8.68 for higher and lower decibels, respectively, U = 211.5).
DISCUSSION
This research focused on the nature of differences in responsivity between two groups of schizophrenics who have been said to differ in the range of sensory cues to which they respond. The primary purpose was to test range of responsivity under conditions in which narrowed responsivity could be attributed to attenuated input-a reduction in sensory sensitivity-rather than factors involving response bias. Using a forced-choice signaldetection method, the sensitivity of chronic nonparanoid schizophrenics to a simple auditory signal was shown to be attenuated more than that of acute paranoids when auditory monitoring was of secondary rather than primary importance. Thus, the sensitivity of the chronic group seemed to be more compartmentalized, more restricted to a limited range of categories of sensory cues.
It should be noted that in the present study, attenuated input in chronic nonparanoids was not due to reduced ability in the basic auditory task, as the groups showed equivalent performance under the auditory-prominent instructions. It did not seem to be due to differential effectiveness of the instrunctions as assessed by change in pursuit-rotor performance over the two experimental conditions, and it did not seem to be due to differences in medication, age, or education. It is possible that a tendency to restrict input along modality lines is a function of sheer length of hospitalization rather than being related to long-term schizophrenia. However, additional results from Feeney's (1971) study, testing reaction time to visual and auditory cues, suggest that length of hospitalization is not a significant factor in reducing dual-modality input among normals.
Though the chronic group showed greater attenuation in sensitivity to low-intensity auditory cues when primary focus was placed elsewhere, it should be clear that the results do not demonstrate a general restriction in range of sensory sensitivity which applies equally to all sensory modalities. Also, the results do not indicate whether attenuated sensitivity is due to a defensive reaction to overstimulation or to some other process. Nevertheless, the results and the findings on distractibility reviewed in the introduction to this paper are compatible with the following theoretical statements concerning chronic nonparanoid schizophrenics: These schizophrenics have deficient ability to focus attention selectively among stimulus inputs to some central level. However, it seems possible that they can to some extent shut off certain channels of stimulus input at an early stage in the attentional process. Presumably, this serves to reduce the problem caused by deficient ability to organize attention in the face of complex Jnput to a centrallevel.
